Two basic proteins, HLP-1 and HLP-2, were isolated from brewer's barley grain (Hordeum vulgare L.) and characterized as glycoproteins with molecular masses of 16 and 13 kDa and pI values of 7.4 and 8.8, respectively. They could bind sugars, metal ions, and both hydrophobic and hydrophylic molecules of low molecular mass. These characteristics may be related to their potential plant-protecting role.
Plant responses to various pathogens, nonbiological stress factors, and toxic metals involve the systemic synthesis of numerous molecules, among which are proteins with protective functions. These proteins include lectins, which interact with potential pathogens, leading to their agglutination.
1) The list of pathogenesis-related proteins 2, 3) and metal-binding plant proteins (phytochelatins and metallothioneins) that scavenge by immobilizing toxic metals is growing. 4, 5) We have studied two such proteins from brewer's barley grain, termed thaumatin-like proteins. [6] [7] [8] They have a M r of 22 and 21 kDa, and containing 2.8z and 5z of neutral sugars, respectively. 6) They are basic, with pI values of 9-10; 9) they are amphiphilic and contain hydrophobic domains. These proteins bind noncovalently hydrophobic molecules of low molecular mass, which may be detached by the action of a salt. 10) With cells of the yeast Saccharomyces carlsbergensis as a model invading pathogen, we found that thaumatin-like proteins are cytotoxic, causing cell constituents to leak. 7, 8) We have discovered another pair of proteins from brewer's barley grain possibly with protective activity, based on preliminary experiments with brewer's yeast as a model. 7, 8) These molecules were highly liganded proteins and noncovalently bound with three kinds of ligands: carbohydrates, metal ions and a mixture of compounds of low molecular mass with diŠerent polarities, so we named them HLP-1 and HLP-2. HLP-1 was more abundant, so we examined it more thoroughly.
The raw extract was depleted of acidic proteins by anion-exchange chromatography. Basic proteins were concentrated in the leading peak ( Fig. 1-A) . Gel-permeation chromatography of the basic proteins additionally puriˆed them through molecular sieving. Peak III was of mixture of a highly liganded proteins with M r values from 13 to 16 kDa, and peak II was of thaumatin-like proteins (21-22 kDa) ( Fig. 1-B) . Theˆnal cation-exchange step resulted in the separation of two proteins, HLP-1 and HLP-2 ( Fig. 1-C) .
Yields of HLP-1 and HLP-2 from 100 g of barley grains (500 mg of protein) were 20 and 6 mg, respectively. The purity of the isolated proteins was assessed by ultrathin-pore-gradient SDS-PAGE. The molecular masses estimated, by SDS-PAGE, were 16 kDa for HLP-1 and 13 kDa for HLP-2 (Fig. 2) . The pI values estimated, by isoelectric focusing PAGE, were 7.4 for HLP-1 and 8.8 for HLP-2.
The amino acid analysis of HLP-1 showed an excess of valine and norvaline (14+7), which are hydrophobic, and lysine (13 residues per molecule), which are hydrophilic, over other amino acids; probably the protein is amphiphilic.
In UV spectra (220-320 nm) of HLP-1 and HLP-2, the A280 for HLP-1 was one-third that of HLP-2. The l max of HLP-2 was at 262 nm. HLP-1 did not have the lmax characteristic of proteins. Absorbance characteristics of transition metals have not been found.
The two proteins were highly glycated. The neutral sugar content for HLP-1 and HLP-2 was 50z and 15z, respectively, and the pentose content was 10z and 5z.
Noncovalently bound sugars and other UV-absorbing ligands of HLP-1 were released by the action of NaCl and partitioned by ultraˆltration. After treatment with 0.5 and 1 M NaCl and ultraˆltration, the neutral sugar content was 10z and 6-7z, respec- tively; the pentose content was 3z, and 2z.
Evidently, the separated sugars were bound noncovalently, probably by a lectin-like activity of the carbohydrate portion of HLP-1. Other evidence for this binding is that HLP-1 noncovalently bound with the compounds of low molecular mass with UV absorbance at approx. 260 nm. Reverse-phase HPLC showed that salt treatment detached these ligands (Fig. 3) . Noncovalently bound (released) ligands were a mixture of hydrophilic (peak I), moderately hydrophilic (peak II) and hydrophobic (peak III) kinds ( Fig. 3-C) . Figure 3 (A and B) shows protein in the salt solution before and after ultraˆltration, (i.e., protein with and without ligands).
The presence of Cu(II) and Pb(II) in the mixture of highly liganded proteins was deduced from voltammetric curves of anodic dissolution from a rotating glassy carbon electrode after preconcentration of the protein with 0.1 M KCl (Fig. 4-1) , with 0.1 M HClO4, (Fig. 4-2) , and in the presence of Hg(II) ions ( Fig. 4-3 ). In the presence of HClO4, when proteins are in unfolded form, the signals of binding metal ions, Cu(II) and Pb(II), were detected, and were more intense in the presence of Hg(II) ions. The ability of the proteins to bind Cu(II), Pb(II), Zn(II), Cr(III), Ni(II), Cd(II), and Hg(II) was estimated electrochemically by anodic stripping voltammetry, and is shown for Hg(II) in Fig. 5 ; the Hg(II) peak decreased upon addition of the proteins.
The extreme liganding potential of these proteins arises from its unusual structure. There are four possible binding sites in the molecule: 1) glycosyl residues for binding of sugars, 2) hydrophobic amino acid domains for binding of hydrophobic compounds of low molecular mass, 3) hydrophilic amino acid domains for binding of hydrophilic compounds of low molecular mass and 4) basic amino acid residues for binding of transition metal ions.
Chemical and physicochemical characteristics of these two proteins did not resemble those of any known barley grain protein, although proteins with similar M r have been isolated from barley grain and stressed barley leaves (9-16 and 15, 16, and 19 kDa, respectively). 11, 12) A preliminary examination of HLP-1 biological activity on brewer's yeast cells has indicated a pathogenic-like activity with a complicated dose dependence. 10) For exploration of the molecular basis of its biological function, ligands should be removed from the protein, partially or completely, and evaluated.
Seeds of brewer's barley (Hordeum vulgare L.), the two-rowed spring-crop cultivar NS 294, were obtained from Belgrade Brewing Industry-BIP. All chemicals were of analytical grade (Sigma Chemical, St. Louis, MS, USA).
Preparation of raw protein extract. Barley seeds were ground to aˆne ‰our in a rotating mill equipped with a 1-mm screen. The ‰our was extracted for 20 h with 50 mM phosphate buŠer, pH 7.8, at 49 C. The suspension was centrifuged at 10,000×g for 15 min, and the supernatant was fractionated.
Anion-exchange chromatography. A 2.6×20-cm column of DEAE-Sephacel (Pharmacia LKB, Uppsala, Sweden) equilibrated with 50 mM Tris-HCl buŠer, pH 7.8, was used. Basic proteins were eluted with the same buŠer. Acidic proteins were eluted next with the addition of 0.5 M NaCl to the buŠer. The ‰ow rate was 20 ml W h; fractions were of 5 ml.
Gel-permeation chromatography. A 2×80-cm column of Sephadex G-75-50 with Tris buŠer, pH 7.8, was used for separation of basic proteins. The ‰ow rate was 8 ml W h; fractions were of 4 ml.
Cation-exchange chromatography. A 2.6×30-cm column of CM-Sepharose CL-6B equilibrated with 50 mM citrate-phosphate buŠer, pH 6.25, was used for separation of the highly liganded proteins. Proteins were separated without any change of ionic strength or pH. The amount of protein was measured gravimetrically, after dialysis of the protein against distilled water. The ‰ow rate was 20 ml W h; fractions were of 5 ml.
Electrophoresis. Electrophoresis was done with an LKB 2117 Multiphore system (LKB, Bromma, Sweden). The Mr of the highly liganded proteins was estimated by ultrathin-pore-gradient SDS-PAGE (8-22.4z). 13) Isoelectric focusing of the proteins was done in ultrathin polyacrylamide layers formed on Gel-Bond with Ampholine (LKB, Uppsala) pH 3.0-9.0 as carrier ampholytes. The isoelectric focusing calibration kit contained bovine carboanhydrase, pI 5.85; human carboanhydrase, pI 6.55; horse immunoglobulin, acidic, pI 6.85; horse immunoglobulin, basic, pI 7.35; lectil lecitin, acidic, pI 8.15; lectil lecitin, medium, pI 8.45 and lectil lecitin, basic, pI 8.65. The gels were stained with silver. 14) Because of weak staining, samples were concentrated ten times.
Amino acid analysis. An amino acid analyzer (Technicon Instrument Corp., Tarrytown, NY, USA) was used for amino acid analysis, as described by Moore and Stein. 15) Samples containing 1 mg of HLP-1 were hydrolyzed in 6 M HCl for 20 h at 1209 C under reduced pressure. After hydrolysis, so that threonine and serine would not be lost, excess HCl was removed with a stream of nitrogen. After passage through a 0.45-mmˆlter (Millipore, Bedford, MA, USA), the sample was examined by ion exchange chromatography and then colorimetry.
Sugars contents. The amount of neutral sugars was found by a scaled-down version of the method of Dubois et al. with glucose as the standard.
16) The pentose content was estimated by an orcinol test with ribose as the standard. 17) Sugar released by a change in the ionic strength (by NaCl treatment) was separated from proteins by partition according to molecular size by ultraˆltration (Millipore). The apparatus consisted of a stirred cell model 12, a magnetic stirrer, and a Dia‰o ultraˆltra-tion membrane type YM 1 with Mr cut-oŠ of 1 kDa. The cell was pressurized with nitrogen at the maximum operating pressure of 5 atm.
Reversed-phase HPLC. For reversed-phase HPLC, a system (Millipore) with a model UGK injector, 510 HPLC pump, lambda-Max model 481 LC spectrophotometer, and 740 data module was used. A Bondapak C18 column, coupled with Novapak C18 (Supelco, Bellefonte, Japan), eluted with 0.2z tri‰uoracetic acid in CH3CN:H2O (1:1) at a ‰ow rate of 0.8 ml W min was used for examination of HLP-1 before and after the NaCl treatment. The elution was monitored at A260.
Metals. Metals bound to the proteins were identied by anodic stripping voltammetry.
18) The currentpotential (i-E) curves were recorded with a polarographic analyzer (PA3, Laboratorni P¾ ristroje, Prague, Czech Rep.) equipped with an X-Y recorder. A working rotating glassy carbon electrode with surface area of §2 mm 2 , a Pt wire as auxiliary, and a saturated calomel electrode as the reference electrode were immersed in electrolyte of the electrolytic cell. This method is based on a step of preconcentration of the electroactive component on the electrode withoutˆlm and with mercuryˆlm. After this step, which lasted 15-360 s, at the cathodic potential of "1 V and 20 s of relaxation time, the direction of the polarization current was changed, and the electrode was polarized positively to the potential of mercury dissolution.
